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1.0 


SUMMARY 


Thermal performance tests were conducted on the Libbey- 
Owens-Ford liquid collector, following long term exposure 
to natural weathering conditions. The collector was 
mounted on the weathering test stand at the Solar Test 
Facility at Marshall Space Flight Center, Alabeuna, with 
exposure to the natural ambient environment. The col- 
lector was under stagnation conditions from June 1, 1977, 
to August 15, 1978. The collector was retested at the 
Marshall Space Flight Center Solar Simulator on August 21, 
1978. The total weathering period was approximately 
fourteen and one-half months. 

Visual inspection of the collector, prior to the re-test, 
indicated noticeable clouding of the inner cover glass, 
probably resulting from out gassing of the insulation. 

The absorber plate also showed some discoloration. The 
test results indicated that performance degradation had 
occurred at inlet temperatures significantly above ambi- 
ent. The change in the slope of the efficiency curve, 
from the original data, is a direct indicator of an in- 
crease in the collector heat loss coefficient. 
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2.0 


PURPOSE 


The purpose of this report is to present the test pro- 
cedures used and the test results obtained during an 
evaluation test program. The test program was conducted 
to obtain thermal performance data on a Libbey-Owens- 
Ford double-covered liquid solar collector under simula- 
ted conditions (Reference 3.1), following long term 
exposure to natural weathering conditions. The tests 
were conducted utilizing the Marshall Space Flight Cen- 
ter Solar Simulator in accordeince with the test proce- 
dures specified in Reference 3.2 and the test requirements 
of Reference 3.3. 


3.0 

REFERENCES 


3.1 

WYLE TR-531-07 

Indoor Test for Thermal Performance 
Evaluation of the Libbey-Owens-Ford 
Solar Collector 

3.2 

MTCP-FA-SHAC-400 

Procedure for Operation of the MSFC 
Solar Simulator Facility 

3.3 

ASHRAE-93-77 

Method of Testing to Determine the 
Thermal Performance of Solar Col- 
lectors 

3.4 

ASHRAE-93-P 

Method of Testing Solar Collectors 
Based on Thermal Performance 
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4.0 


TEST REQUIREMENTS AND PROCEDURES 


4 . 1 Collector Thermal Efficiency Test Requirements 

Thermal performance evaluation criteria shall correspond 
to that of Reference 3.1 with the exception that gross 
collector area is used according to Reference 3.3. The 
original data was based on the aperture area according to 
Reference 3.4. Reference 3.4 was superceded by Reference 
3.3, which is the current standard. The original data has 
been modified based on this standard for comparative pur- 
poses as shown in Figure 1 and Table II. Data shall be 
obtained at inlet temperatures of 0, 25, 50 and 100®F 
above the ambient temperature at a liquid flow rate of 
290 Ib/hr (0.58 GPM) at a solar insolation rate of 300 
BTU/Hr*Ft^ and a wind speed of 7.5 mph. The following data 
shall be recorded during the test at each test condition. 


1. 

Ambient temperature. 


2. 

Collector inlet liquid 

temperature . 

3. 

Collector outlet liquid 

temperature . 

4. 

Collector differential 

temperature . 

5. 

Differential pressure across collector. 

6. 

Liquid flow rate. 


7. 

Insolation rate. 


8. 

Wind speed. 



4.2 Test Procedure 


1. Mount test specimen on test table at a 45“ angle with 
respect to the floor. 

2. Assure that simulator lamp array is adjusted to an 
angle of 45“ with respect to the floor. 

3. Align the test table so that the test specimen's verti- 
cal centerline coincides with the vertical centerline 
of the lamp array and the distance from the top of the 
test specimen to the lens plane of the lamp array is 

9 feet. 

4. Insulate all pipes. 

5. Assure that data acquisition system is operational. 

6. Start liquid flow loop and establish a flow rate of 
290 Lb/Kr (0.58 GPM) . 
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4.0 


TEST REQUIREMENTS AND PROCEDURES (Continued) 


4.2 Test Procedure (Continued) 

7. Establish the wind speed of 7.5 mph. 

8. Power up simulator and establish a solar flux 
level of 300 BTU/Ft^-Hr. 

9. Determine the ambient air temperature. 

10. Adjust the inlet temperature of the collector to 
the ambient air temperature value. 

11. After steady state conditions have been established, 
record data for a minimum of five minutes. 

12. Repeat steps 9, 10, and 11, changing the liquid inlet 
temperature as necessary until data has been obtained 
for each test condition specified in Paragraph 4.1. 

13. Upon completion of testing, power down simulator and 
liquid loop. 

14. Inform data control group that simulator operation 
has terminated. 
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5.U 


ANALYSIS 


5,1 


Th f?rmal Pc rforniance Tost 

The analysis of data contained in this report is in 
accordance with the National Bureau of Standards recom- 
mended approach. This approach is outlined below. 


The efficiency of a collector is stated as; 

^tf (tf,e - tf^i) 



where : 


( 1 ) 


q^ = Rate of useful energy extracted from the 
solar collector (BTU/Hr) 

A = Gross collector area (Ft^) 

I = Total solar energy incident upon the plane 

of the solar collector per unit time per unit 
area (BTU/Hr* Ft 2) 

m = Mass flow rate of the tiansfer liquid through 
the collector per unit area of the collector 
(Lbm/Ft2 • Hr) 

= Specific heat of the transfer liquid (BTU/Lb*‘*F) 

tf e = Temperature of the transfer liquid leaving the 

' collector (“F) 

tf i = Temperature of the transfer liquid entering the 

' collector (*F) 

Rewriting Equation (1) in terms of the total collector 

area yield: 

>1, , (tf,e - tf.i ), M Ctf (tf_e - tf,^) 

(lA) Pi 

Notice that: 


?i = lA = Total power incident on the collector. 

mA = M = Total mass flow rate through the collector. 

Therefore M C^f(tf e ” ^f i^ “ Total power collected by 
the collector. * ‘ 
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5.0 


ANALYSIS (Continued) 


5.1 


Th ermal Perfo rmanca T est (Continued) 

Substitution in Equation (2) results in: 

Tt. = ESfei (3) 

Pine 

where : 


Pabs = Total collected power 
Pine - Total incident power 


This value of efficiency is expressed as a percentage by 
multiplying by 100. This expression for percent effi-' 
ciency is: 


. . Pabs 

Collector Efficxency = pXnc 


X 100 


( 4 ) 


or from Equation (2 ) , collector efficiency is defined by 
the equation: 


% Eff 


^ » Ctf (tf,e - tf,i) 


Pine 


X 100 


(5) 


E.ich term in Equation (5) was measured and recorded inde- 
pendently during the test. The mean value of efficiency 
was determined over a five-minute period during which the 
tost conditions remained in a quasi-steady state. Each 
five-minute period constitutes one "data point" as is 
graphically depicted on a plot of percent efficiency 


versus 


where ; 


((ti - V/i) 


t^ - Liquid inlet temperature (®F) 
tg = Ambient temperature (*F) 

I = Incident flux per unit area (BTU/Hr'Ft^) 

The abscissa term ((t. - t )/l) was used to normalize the 
effect of operating at different values of 1/ tj^ and t^ . 
The results are shown graphically in Figure 1 with the 
supporting test data given in Table I. An update of the 
original efficiency data is shown in Table II, based on 
the gross collector area. 
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5.0 


ANALYSIS AND RESULTS (Continued) 


5.1 Thermal Performance Teat (Continued) 

Reference 3.3 uses the following terms relating to the 
thermal efficiency gr iph: 

* intercept of the efficiency curve on the 
ordinate axis 

^R^L “ negative of the slope of the efficiency 
curve 

pR = the solar heat removal factor 

oC = absorptance of the collector surface for solar 

radiation 

~ = transmittance of the solar collector cover plate 

Ul = solar collector heat transfer loss coefficient 

Although the value of Fr'^jT was not significantly changed 
by weathering, the slope, FrUl» increase noticeably. 
Assuming that Fr, d. , and t did not change as indicated 
above, then the heat loss coefficient, Ul, increased as a 
result of the weathering. This is supporting evidence 
that the cloudiness on the inner cover plate was due to 
out-gassing of the insulation, resulting in poorer per- 
formance . 
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